INTRODUCTION
Hepatectomy remains the standard treatment option for benign and malignant primary liver disease as well as metastatic diseases such as metastasis from colorectal cancer [1, 2] . Advances in operative techniques and perioperative management have reduced the morbidity and mortality rate amongst hepatectomy patients; however, the postoperative complication rate is still relatively high [3, 4] . Recent studies reported an overall complication rate ranging from 20% to over 40% and major complications arise in 10% to 20% of all cases with complications [5, 6] . Posthepatectomy liver failure, bile leakage, pulmonary complications, deep vein thrombosis, and portal vein thrombosis (PVT) are considered major complications that could lead to post-operative death [7] [8] [9] [10] [11] .
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METHODS
We retrospectively reviewed the medical records of 563 patients who had undergone hepatic resection for various diseases from February 2009 to December 2014 at our hospital. Posthepatectomy thrombosis was defined as thrombosis that occurred in the portal vein, hepatic vein, or inferior vena cava (IVC) as seen on postoperative imaging studies. We excluded 29 patients with thrombosis confirmed preoperatively on imaging studies and tumor recurrence-related thrombosis from the posthepatectomy thrombosis group. This study was approved by the Institutional Review Board of Korea University Anam Hospital (approval number: ED16061). Written informed consent was waived by the IRB.
Surgical procedure
Patients with liver cirrhosis corresponding to Child-Pugh classification C were excluded from liver resection. In the indocyanine green (ICG) clearance test, we set the safe limit for the ICG retention value as <15% at 15 minutes for major hepatectomy. For patients with an ICG retention value of >15%, we performed a partial hepatectomy [15] .
We used the extrahepatic Glissonian approach in almost all cases when we performed resection greater than sectionectomy, however, in cases of hilar cholangiocarcinoma, we performed individual ligation because of lymph node dissection around the hepaticoduodenal ligament. Hepatic parenchymal resection was done using an ultrasonic dissector (CUSA; Integra Lifesiences, Plainsboro, NJ, USA) and the clamp-crushing technique as appropriate. For laparoscopic hepatectomy, we used laparoscopic CUSA and an ultrasonic scalpel (Harmonic ACE; Ethicon Endo-Surgery, Cincinnati, OH, USA). Small vessels were sealed with electrocautery, while large vessels and bile ducts, were ligated with a metal clip and Hem-o-lok clips (Weck, Research Triangle Park, NC, USA), and Glissonian pedicles were suture ligated.
We used Pringle's maneuver occasionally to reduce bleeding during hepatic parenchymal resection except in cases of cholangio carcinoma. We exposed the Glisson's capsule and occluded it to be resected using a Rummel tourniquet. It was then subjected to 15 minutes of inflow occlusion followed by 5 minutes of reperfusion, repeated as necessary.
Postoperative follow-up
All patients were managed with a standardized treatment protocol. Contrast-enhanced abdominal CT was performed if patients showed abnormal liver function in the postoperative course or developed a high fever without any specific febrile focus. However, in the case of combined PV segmental resection, color Doppler ultrasonography was routinely performed the day after surgery to confirm the portal flow. We identified the location of the posthepatectomy thrombosis as follows: main portal vein (MPV) thrombosis was defined as PV thrombosis involving the MPV, peripheral portal vein (PPV) thrombosis was defined as thrombosis in the portal vein stump or a branch of the portal vein, and thrombosis in the hepatic vein or IVC was defined as an "other" group.
Anticoagulation therapy
Patients with posthepatectomy thrombosis were not given anticoagulation therapy routinely because hepatectomy can result in coagulopathy and increased bleeding. Almost all patients with MPV thrombosis were given anticoagulation therapy if there were no contraindications. In patients with PPV thrombosis, anticoagulation therapy was started when the thrombus at the portal vein stump extended to the MPV and when the portal vein branch thrombus developed portal flow disturbance or abnormal liver function. The patients who developed thrombosis at the PV anastomosis site after PV segmental resection, operative thrombectomy was performed and followed by anticoagulation therapy.
Anticoagulation therapy was accomplished with low molecular weight heparin followed by oral warfarin in all treated patients. The target prothrombin time international normalized ratio was between 2 and 3. A contrast-enhanced CT scan was done monthly after treatment and anticoagulation therapy was continued until the thrombosis was resolved on a follow-up imaging study.
Statistical analysis
Mean, standard deviation, and ranges were used to present numerical variables. Continuous variables were compared by Student t-test. Differences in categorical variables were analyzed with the chi-square test. The Cox regression hazard ratio model analysis was used for identification of independent risk factors. P-values of <0.05 were considered to indicate statistical significance.
RESULTS

Patient characteristics
Of the 534 patients, 22 (4.1%) developed thrombosis either in the portal vein, hepatic vein, or IVC after hepatectomy. The most common site where thrombosis developed was the portal vein (n = 19, 3.6% of total). The mean age of all patients was 57.4 ± 13.1 years (18-95 years). Three hundred fifty-seven patients (66.9%) were male. The most common underlying disease was hepatocellular carcinoma (39.9%), followed by metastatic tumor from colorectal cancer (22.8%). One hundred ninety-two patients (36.0%) required resection more than 2 liver sections. The mean operative time was 317.5 ± 161.3 minutes. The number of patients who underwent Pringle's maneuver was 271 (50.7%), and the mean duration of Pringle's maneuver was 17.9 ± 21.7 minutes (Table 1) .
Comparative results between the PVT and nothrombosis groups
We analyzed the risk factors for posthepatectomy PVT, which was the most common site of posthepatectomy thrombosis in this study.
The mean duration of Pringle's maneuver was significant longer in the posthepatectomy PVT group (Exp(B), 1.205; 95% confidence interval [CI], 1.029-1.411; P = 0.020). The hepatectomy accompanied with portal vein resection was also significantly influenced the development of posthepatectomy PVT (Exp(B), 9.361; 95% CI, 2.550-34.368; P = 0.001).
More patients in the posthepatectomy PVT group had resected of a large volume of the liver (52.6% vs. 35.2%), but the dif ference was not statistically significant (P = 0.311). The mean duration of operative time tended to be longer, in the post hepatectomy PVT group, but this difference was also not statistically significant (P = 0.752) ( Table 2) . 
Clinical outcomes
Of the 22 patients who developed posthepatectomy thrombosis, 13 (59.1%) received anticoagulation therapy. Twelve of the 13 patients clinically improved, and, of 9 patients who did not receive anticoagulation therapy, 8 patients improved. There were no patients who developed complications related to anticoagulation therapy during a mean treatment period of 12.5 ± 2.9 weeks (median, 12 weeks). There was no mortality related to posthepatectomy thrombosis and no cases of thrombosis progression.
We analyzed the patients by the site of posthepatectomy thrombosis. Of the 6 patients who developed thrombosis in the MPV, 5 were treated with anticoagulation therapy and all cases were resolved (Fig. 1) . Of the 5 patients who were treated with anticoagulation therapy, 2 underwent PV segmental resection because of tumor invasion and developed PVT 1 day after the operation. PVT was detected on routine postoperative Doppler sonography at the anastomosis site and the patients underwent operative thrombectomy followed by anticoagulation therapy. Another 2 patients who underwent PV segmental resection, PVT developed in the PPV and treated only with anticoagulation therapy. In the one who did not receive anticoagulation therapy in the MPV group, thrombosis developed at the junction of the right and left portal vein, adjacent to the resection margin, 7 days after right posterior sectionectomy. Because of the appearance of coagulopathy after hepatectomy, and because it did not affect portal flow to the remaining parts of the liver, the patient did not receive anticoagulation therapy and PVT spontaneously resolved 1 month after hepatectomy.
Of the 13 patients who developed thrombosis in the PPV, 6 were treated with anticoagulation therapy and all cases were Jae Hyun Han, et al: Risk factors of portal vein thrombosis
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Fig. 1. (A)
Main portal vein throm bo sis was discovered on the third day after hepatectomy and (B) it was disappeared after 8 months of anticoagulation therapy.
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Fig. 2. (A)
Peripheral portal vein thrombosis was discovered on the first week after hepatectomy and (B) it was disappeared after 3 months of anticoagulation therapy. resolved (Fig. 2) . Of the 7 patients who did not receive anticoagulation therapy, 6 improved. In the 7 patients who did not receive anticoagulation therapy, thrombosis developed at the portal vein stump or peripheral branch of the portal vein as evidenced on a routine follow-up abdominal CT done 7 days after the operation, and there was no disturbance of portal flow to the liver or liver function during the postoperative course. In all patients, thrombosis spontaneously resolved on the followup imaging study without anticoagulation therapy. Of the 3 patients who developed thrombosis at other sites after hepatectomy, 2 developed thrombosis in the IVC after IVC replacement due to tumor invasion and the other developed thrombosis of the peripheral hepatic vein adjacent to the resection margin. The 2 patients who developed thrombosis in the IVC improved after anticoagulation therapy and the other patient, who developed thrombosis in the peripheral hepatic vein, improved without treatment for a similar reason as the no-treatment group of peripheral PVT patients (Table 3) .
DISCUSSION
PVT is known to be a common complication of liver cirrhosis [16, 17] and has been reported in several studies after operations such as liver transplantation and hepatectomy [11] [12] [13] [14] . It is considered a potentially life-threatening complication that can reduce portal flow, decrease liver function, and aggravate portal hypertension. It may also lead to mesenteric ischemia and sepsis when it extends to the superior mesenteric vein [18] .
In this study, 4.1% of the patients developed posthepatectomy thrombosis and, among them, 86.4% developed thrombosis in the portal vein (3.6% of the total number of patients). Previous studies of liver transplant patients reported the incidence of PVT as 5%-16%, and that of hepatectomy as 2%-9% [11] [12] [13] [14] . Although the incidence of PVT after hepatectomy is lower than that of other complications, such as liver failure (4%-19 %) [19, 20] , pulmonary complications (13%) [9] , and venous thromboembolism (2.9%) [10] , it is not rare.
Yoshiya et al. [11] recently reported that Pringle's maneuver can result in portal vein endothelial injury and stasis, so the duration of Pringle's maneuver could be a significant risk factor for PVT. In this study, the mean duration of Pringle's maneuver was also the significant risk factor related to the operation for post-hepatectomy PVT.
Twenty-eight patients underwent combined portal vein seg mental resection during hepatectomy because of tumor invasion. Among them, 4 patients developed posthepatectomy PVT (22.2%) and it is significantly higher than no thrombosis group (P = 0.001). This result is supported by previous studies on PVT after pancreatic resection with portal vein reconstruction, which reported that the rate of PVT is 13%-17% [21, 22] , which is significantly higher than that reported by other studies without portal vein reconstruction [23] . The etiology of PVT after portal vein segmental resection was found to be similar in several studies on PVT after splenectomy [24] . Surgically induced endothelial damage or venous stasis accompanied by liver cirrhosis or portal hypertension could lead to PVT.
Some investigators recently reported that large resection volume, especially right hepatectomy, is an independent risk factor associated with PVT [11, 14] . This is supported by the etiology of PVT based on one of Virchow's triad (venous stasis, hyper coagulability, and endothelial injury), venous stasis. The cause of PVT in liver cirrhosis patients may involve venous stasis induced by portal hypertension after hepatectomy with large resection volume [25] . The present study revealed that more patients in the posthepatectomy PVT group underwent resection of more than 2 liver sections (35.2% vs. 52.6%), but the difference was not statistically significant (P = 0.119).
We mainly used color Doppler ultrasonography and contrastenhanced CT scans for PVT diagnosis and follow-up. We choose a diagnostic modality based on level of suspicion. If it was more likely to develop PVT such as combined PV segmental resection or long duration of Pringle's maneuver with abnormal liver function, Doppler ultrasonography was preferred. Seve ral previous studies also reported the usefulness of color Dop pler ultrasonography because of high sensitivity (93%) and specificity (99%) [26, 27] . However, there are some reports that the sensitivity and specificity of contrast-enhanced CT are not inferior to those of Doppler ultrasonography for detection of PVT [14] and in the postoperative setting it is difficult to detect PVT because of the upper abdominal incision, adhesion around the liver hilum, and increased amount of gas in the bowel. Therefore, when the patients showed some problems after hepatectomy not specific to PVT, contrast-enhanced CT would be useful and not inferior to Doppler ultrasonography to detect PVT.
There have been a few studies on the natural course of ex tra hepatic nonmalignant PVT after hepatectomy. Luca et al. [28] reported the natural course of PVT in patients with liver cirrhosis but not malignancy who did not receive anticoagulation therapy. They reported that PVT improved in 45% of patients without treatment. In a recent study, 60% of patients improved without treatment [11] . However, many studies have recommended that anticoagulation therapy should be begun immediately after a diagnosis of PVT [13, 18, 29] . In this study, 8 of 22 patients (36.3%) improved without anticoagulation therapy; however, their condition was because of coagulopathy following hepatectomy and did not affect portal flow to the remaining parts of the liver.
We employed anticoagulation therapy consisting of low molecular weight heparin followed by oral warfarin, as many other studies have described [13, 18, 29] . Actually, there is a controversy regarding the complete recanalization rate of anticoagulation therapy, which ranges from 24% to 81% [30] , and some reports recommended more invasive therapy such as operative thrombectomy [14] . In the present study, almost all patients who developed PVT did so in the MPV, and 6 of 13 patients who developed PVT in the PPV received anticoagulation therapy immediately after the diagnosis of PVT because of the possibility of decreased portal flow. Two of the patients who developed PVT in the MPV after combined PV segmental resection underwent operative thrombectomy and followed by anticoagulation therapy. All treated patients recovered during the follow-up period without any complications related to thrombectomy or anticoagulation therapy.
In conclusion, PVT after hepatectomy is not rare and is a potentially life-threatening complication that need careful attention. In this study, the long duration of Pringle's maneuver and combined PV segmental resection was a significant risk factors for posthepatectomy PVT.
Anticoagulation therapy is a safe treatment option and is recommended immediately after the diagnosis of PVT for all patients without contraindications, especially for MPV thrombosis and PPV thrombosis with main portal flow disturbance. However, operative thrombectomy should be conducted before anticoagulation therapy for the PVT after PV segmental resection which potentially cause total portal flow obliteration.
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